The description of nuclear interactlon in terms of a neutron-proton "exchange force" appears to be well justified and generally accepted. However, there has hitherto been no satisfactory suggestion as to the nature of the field of charged particles, the virtual emission and reabsorption of which, according to Heisenberg's (1932) picture, would give rise to this type of interaction. It may be now considered certain that this field is not identical with the electron-neutrino field of Fermi's theory, the magnitude of nuclear forces being far too large to be compatible with the small empirical value of the constant of fl-decay.
native theory, and there are also two independent possibilities for'n = 1. On the other hand, a consistent theory for higher values of n does not appear possible.
The expression for the interaction of the neutrons and protons with the Bose particles will also be taken in a very general form, a generalization being possible even in the case treated by Yukawa. It will be shown that the similarity of all the cases studied is so great that a priori it seems impossible to discriminate in favour of any of them. A decision can, however, be reached if one evaluates the neutron-proton force in all the different cases. Comparing with experimental data, only one possibility proves tenable, and it is of importance to note that this is a case with spin and not the scalar case hitherto usually considered.
In an accompanying paper by Fr6hlich, Heitler and Kemmer (1938) this case has been selected for more detailed treatment. As far as comparison with experiment is possible in view of the present rather unsatisfactory state of quantum field theories, the account of known data given by the formalism proposed can be regarded as very good.
PROCA'S EQUATIONS AND THEIR QTJANTIZATION
The wave equations for particles with a spin value twice that of the electron or proton have already been used in other investigations. In particular the theory proposed by Proca (1936) contains much of the formalism used in the following. As an introduction to the systematic development to follow in the next section, we will study and quantize the equations of Proca.t The interaction with heavy particles will not yet be considered here. For the scalar case used by Yukawa the analogous quantization had already been performed earlier by Pauli and Weisskopf (I934). Apart from the difference in the spin eigenvalue the results of the present procedure are found to be identical with theirs.
The wave equations of Proca can be written in the following form:
_X = KqA(2)
It has just come to the writer's notice that the question dealt with in this section has recently been treated independently by Durandin and Erschow (I937). Their results are obviously identical with ours, but it cannot be judged from the short publication available, whether their methods are the same. For methodical reasons we still prefer to include this section. eci 8a = ,(X*,,6 X.,6aB )* (3) Thus sa can be taken to represent the current density of our particles.
Similarly, one can deduce the existence of an energy-momentum tensor. We will here only put down its 00-component, the energy density: and their complex conjugates. We thus obtain must take the Oi and q6 to be the canonical co-ordinates q, the X* and Xo being the corresponding momenta p.
The equation aHl/ap = q here takes the form ax0 = KXot K divXo,
and from the relation aHl aq -p we obtain 
With the use of the definitions (5) and (6) we thus get ax0 axo = KXoi
and aXYk (11k) Similarly, the conjugate complex relations are derived. Including (5) and (6) we have the complete set of Proca's equations.
Having found the Hamiltonian form, quantization is simple. We postulate the commutation rules 
while all other pairs of quantities are taken to commute. Their invariance can be proved by the usual methods. Assuming (12), the equations of motion (8) 
with the commutation rules 
all other combinations commuting. We transform to momentum space, putting have all positive integers and 0 as eigenvalues. Thus, taking account of the expressions (23) and (24), we can obviously interpret the N as numbers of particles present in the field, the N+ denoting particles of positive charge, the N-negatively charged ones. This result is identical with that of the scalar case, except for the additional suffix e occurring here, which indicates the three possible values that the spin component in the k-direction can assume. As the N are not restricted to the values 0 and 1, the particles have Bose statistics. The energy of a particle of the kind kl is E(k)lC = V(k2 + K2) T, its rest mass therefore mo = K//c. It is of importance to note that, in spite of the formal analogy in the final result, the treatment of the "longitudinal" part of the field, which gives the quanta with e = 0, was necessarily separate from that of the "transversal" field which gives the other two spin orientations. The latter part corresponds exactly to the electrodynamical case, whereas there is no analogy to the former there. 
(The symbol . means scalar multiplication whereas the vectorial product is denoted by x .) This formalism appears sufficiently simple to justify the attempt to ,connect it with experience. Though more general cases will be studied in the following, the final result will be that the case described in detail above is the one best suited to account for the facts of nuclear interaction.
For the rigorous derivation of the expression describing the interaction of Proca particles with neutrons and protons the considerations of ? 3 are essential. It may, however, be useful to note that in applications the necessary extension consists solely in adding to the Hamiltonian the term given later as equation (63 b). This expression can be understood using the ideas of the present section alone. It gives rise to emission and absorption of heavy electrons by protons and neutrons.
GENERAL THEORY OF EINSTEIN-BOSE PARTICLES
In a recent paper Dirac (I936) has studied some wave equations for particles with a spin momentum n times that of the electron or proton. It is not necessary to go into the details of spinor notation here, as we will now abandon it; it was merely introduced to obtain an initial classification of possible wave theories. The transition from equations (29) or (31) to tensor equations can be performed immediately; it is, however, not unique. In the spinor notation no specification of the transformation of the wave functions for reflexions of the co-ordinate system is implied. As a consequence, when reverting to tensor notation we can always choose either of two dual quantities to correspond to any spinor. Thus, one possibility of writing equations (31) In each case the energy density is essentially positive; this is a special characteristic of these simple cases. If we had proceeded from any more complicated examples of Dirac's spinor equations, we would not in general have obtained this result. There thus appears to be some justification for choosing these four cases of simple and similar type for preferential consideration, and it seems certain that any alternative formalism would have to be a great deal more complicated for physically satisfactory results to be expected. A theory for spin values greater than unity therefore immediately leads to serious difficulties. On the other hand, the strength of the analogy among the four possibilities here stated is so evident that it would not appear justified to exclude any of them a priori. For reasons of economy it is of course to be hoped that a comparison with experience will prove that one of the cases alone is sufficient to give a description of reality.
When one proceeds to the formulation of the law of interaction of the new particles with protons and neutrons one observes yet again that all four cases appear equally adequate for these purposes. The quantities occurring in our possible fundamental equations are one scalar ( 
= -CK(9d 6 taO oa8y* + conjugate complex),
The other term will contain the X: 
2= I e I 2oi Oi + I fc I 2Ok tOik, 
We then express the q as derivatives of the X by means of equations (33n), and take the X as the quantities that are varied independently. This method is equivalent to the one actually chosen for the corresponding dual cases. There thus exists an ambiguity in the formulation of the theory which would appear surprising, and there seems to be no reason for preferring either of the two forms. Fortunately the ambiguity is not serious. The undetermined terms Hn or H In, it is important to note, do not involve the wave functions of the heavy electron but only those of proton and neutron. They can be interpreted as a direct interaction between these particles with the d-function as potential. Precisely these interactions have been studied in a previous paper (Kemmer I937), and it was seen that they do not give any finite binding energy between the particles concerned. Similar considerations can also be employed to show that this type of interaction gives no scattering cross section whatever.t The non-vanishing contributions due to such terms are solely of the self-energy type. For such questions the theory is, however, in any case inadequate, so that the additional ambiguity introduced here is of no consequence at all. It might even be hoped that one could utilize the indeterminateness here found to reduce the divergence of self energyi calculations, but the final section of this paper will show that such an attempt cannot succeed.
For the present it is certainly allowable to ignore the terms H72 and H' completely.
For 
PERTURBATION THEORY; THE NEUTRON-PROTON INTERACTION
As is well known, the applications of formalisms of the type sketched above are in practice confined to-perturbation theory. We will first deal with the most important problem of this kind, namely the derivation of the neutron-proton interaction from our field theories. This will be given by the second order perturbation formula EN and EP are the energies corresponding. to the momenta PN and pp of neutron and proton respectively; h/k denotes the momentum of the heavy electron, e its energy, and the sum in (66) has to be taken over all values of this momentum. The first part of (66) takes into account the transitions of the proton into a neutron state under emission of a positive heavy electron, which is subsequently reabsorbed by the neutron, the latter thereby becoming a proton. In the latter case the neutron is the emitting, the proton the absorbing particle and the heavy electron is of negative charge. The two terms give equal contributions. If one only considers heavy particles at distances r> h/Mc (M being the proton mass), the recoil of the heavy particle in the heavy electron emissions may be neglected and the energy difference in the denominators of (66) 
t For the purposes of this and the following sections the possibility of taking the gS and fn to be complex quantities is inessential. For brevity we will treat them as real.
In obtaining equations (67n) certain integrals of the type 1ficr sin krdr rJ were neglected. For r $ 0 they are indeed zero, but to be exact they should be represented by --I '(r). However, to these the same considerations r apply as were already used in the preceding section; their sole contributions are to the self energies of the heavy particles. Therefore their omission is obviously justified.
The value of the integral J(r) in equations (68) 
with completely arbitrary coefficients A, B and C. This result has been stated before (Kemmer 1938) . In this way a form of interaction with a = 0 may of course also be chosen, but though the latter assumption has been common to most calculations on nuclear binding, there appears to be no reason why it should be maintained. It is certainly more satisfactory to abandon it, if in this way one could succeed in describing all empirical facts with one of the four possibilities a to d alone. This is actually possible using case b. The detailed discussion of this fact is the subject of the paper of Fr6hlich and others. Using the same methods as there described, we will here only briefly state the results for all four cases, which justify the preference for case b. Case a: The potential in the 3S ground state of the deuteron is proportional to g2, and thus repulsive. The potential in the 1S state is of equal magnitude, but attractive. Interaction f2 gives no non-relativistic contribution. Now Heisenberg (I936) has pointed out that, in a theory involving a fundamental length in the sense stated above, the contribution of high order approximations will increase when the energies in the effects studied increase, and thus multiple processes such as cosmic ray showers should, according to such a theory, occur when sufficiently high energies are available. This is not the case for formalisms involving expansions in powers of a dimensionless constant only. Unpublished calculations by Pauli have also shown that in such a theory the well-known divergency diffioulties become mathematically far more serious than in radiation theory. It seems therefore of importance to note that the data on neutron-proton interaction prove definitely that a theory of the simpler type is not sufficient, and that according to the views developed here Heisenberg showers should be expected to occur.
It must be further remarked that quite generally the expansions as performed in perturbation theory can naturally only be valid if the expansion parameters are small. As is shown in the paper of Fr6hlich and others by the evaluation of the 4th order proton-proton force, this is here by no means the case. However, it is well known that the question of avoiding these expansions is the main unsolved difficulty of quantum field theory, and therefore the use of any better method does not at present appear practicable. It seems fairly certain, that even with better methods the result that a general linear combination of our possibilities can be made to fit known data would be maintained, but of course the statement that b alone is sufficient, is more open to criticism. The study of the cases other than b may therefore still prove to be of more than systematic value.
SELF-ENERGIES
Hitherto we have avoided the consideration of effects which calculated by our theory, give divergent results. It is well known that-all forms of quantum field theory formulated up to now give such divergencies, as soon as the calculations involve the process of virtual emission and reabsorption of a quantum by one and the same particle. The self-energy of a proton or a neutron due to the interaction with our heavy electrons is an effect of this type. We do not intend to discuss here whether one should attach any physical significance to these calculations in spite of their formal divergence, but it is in any case of importance to be informed as to the exact type of these divergencies in simple cases. We will therefore give a brief summary of the results of such calculations.
For these questions it is not in general sensible to maintain the assumption of the last section that the recoil (energy change) of the heavy particles in the processes considered can be neglected; therefore the explicit assumption is now necessary that protons and neutrons obey Dirac's equation including the "hole theory" interpretation of negative energy states. The methods of evaluating self energies in "hole theory" may be found in the paper by Weisskopf (I934a, b) , where the case of electromagnetic interaction is considered.
Here we will have two types of self energies to evaluate, namely those due to the interactions Hn and those arising from the additions Hn Here, too, the degree of divergence is quadratic. The dependence on p. is, however, different in these terms, and it is therefore evident that they will in no case compensate the other divergencies, even if we make use of the arbitrariness in the choice of the Hn.
The fact that the divergence of self-energy is here greater than in radiation theory is noteworthy. Case b might especially have been expected to yield results identical with those for electromagnetic interaction, at least for fb = 0. However, the contribution of the longitudinal quanta is sufficient to alter the result essentially. This is obviously in direct connexion with the facts concerning Heisenberg showers discussed in the foregoing section, as is particularly well shown by the fact that just those interactions, which do not give showers (ga and fd) also give no quadratically divergent contributions.
A further quantity that must-strictly speaking be classed among the divergent effects is the magnetic moment of the proton or neutron caused by the possibility of emitting heavy electrons. This has been studied for case b in the paper by Fr6hlich and others, but as the derivation there is by an abridged method, we would here like to indicate the more rigorous method of calculating the effect. In ? 2 we gave the expressions for the interaction of the heavy electrons with the electromagnetic field. It was given there for case 2 only, but it is very similar in all four cases. Denoting the operator there named H1 by HR(A), we can obtain a third order perturbation self energy dependent on the electromagnetic potentials It is shown that there are four inequivalent but equally simple possibilities of formulating a field theory of Einstein-Bose particles, in which a positive expression for the energy density exists. Any of these formalisms might tentatively be accepted as a description of the "heavy electron". Considerations of relativistic invariance show that two independent expressions for the interaction of these particles with protons and neutrons can be chosen in each of the four cases. Taking account of the interaction terms the general Hamiltonian form of the theories is stated and the quantization is performed. The resulting proton-neutron potential is determined and it is found that its sign and spin-dependence agrees with reality in only one of the four cases, namely in the case based on the equations of Proca (I936). The (divergent) self-energies of the proton or neutron resulting from the interactions studied are evaluated.
